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(54)Title: HEIGHT-MEASURING DEVICE 



(57) Abstract 

A height-measuring device characterized by comprising an illumination optical system for 
illuminating the sur&ce of a sample; a pair of imaging optical systems having a pair of optical axes 
symmetrically arranged on both sides of the optical axis of the whole optical flux reflected by the 
sample and converging part of the optical flux along the optical axes; a pair of light-detecting 
optical systems for detecting a light spot of which the position changes depending upon the height 
of the sample; and a height processing means for detecting a spot position signal based upon a light 
intensity signal from the pair of light-detecting optical systems and determining the height of the 
surface of the sample from the spot position signal. 
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2TM1. ^ ^ ^ 1 1 5, 1 1 Q h n h n \t ^ P 

R, PL cDit^?ll»i-5o ricDltP R/ PL /jS 1 ^ L 

b ]E ?S 7".^ It as ;6Mf ^ 6 o L L > tt P R/ PL i j; 

:k ^ < ^/.e-S^-a^J-Ji, Hfiie<?5J; 9 fa M ^ m m ^ \^ x 
^cx-r<73;^7^5/7"S5-2T?Ji, HiilBiiP R/ PL i)^ m 

^ \t 0 . 5 ~ 2 . 0 s ^ -a- J- fi ^ <^ ^ ^ ^ <b -t" 5 o 
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Wifa^ r h {d S v^ PJ ^ "I S= <^ *J Pff ^Mt ^.e ;t S o 

* , ^^(^ \ 0 1 CD ^ ffi « ^ss Iffl It ^ ^ s Ac 46 

6 ^ L X m ^ -5 3t ft 5a- ^ * 'C-MS: e tc ti* ^ o $ /jS ^ C -5 
rir;J5fo5o — \ 'BL'a:^y--y^ 

s 5 - 2 ^ L T t , ^ * 5^ ^ CO fi 'L> g CD Jl vx J: 6 S'J 

Vi"^ ^ ^ . — n(r>'f'<T^9\. 1 5, 1 1 6;i^b 

o <?'J X f±* . 

0.9 > |5Rl / |5l| > 1.1 —(11) 

<D^^ \^\% . ^ ^ ^ Kfr -r o 

:l (n> ^ 0 y- V ^ s> ^ - \ -i Wi •^'^ ^ Pi % \ 2 3 

-c ^ L , aij ^ ^ tfe t w if s i^c pj ^ <D ^ ^ <^ fis ^ -r 

-SOX-, jt <D ^ $ PJ ^ ^ <^ ^ *5 m $ § i \z. 
fa 5 o 

Ay fc — V 7° CO T CO -fe o T CD ^ t"' — ^ 

'i^- ^ fa t> -Q Vi. fa < . B G A TMi fl ^ fc — CD Tl CD ^ 

, ^ X fi X t± :7 7 h ^ <z> $ ^5 5^- ^ fi <D X 

. m ^ 14 <D (S V^ 7=" — ^ T' # 5 fc- ^ !i -r 5 J: 9 \^ L fc ;^ 
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^ S a"n <^ ^ CO IE 5fe It -r r i id 5 „ 

L fc o T , ^ (D mMmm X irH-£ . yu ^< y ^ ^ - i o 

<Z? PJ ^ --^^ # ffii i~ -5 «t 5 id L t> (7) ^ tb . yj) m ^ M ^ 

m ^ ^ m^x- ^ 5 ^ id /.e 19 , a iS « m ^ p"a id 1, b -5 J; 

^ id , & M ^ & . m it -r ^ M X . ^ m (d m 

m ^ ^ t -r ^ m ^ h . mm & . mv^m x (d m ^ 

^ n 0 w t f)'^ X ^ . m ^ \^ 71)^ ^ u ^ X \^ ^ Ml X ^ ^ 
ir * id . m i¥ ^ i± ^ M m. X ^ ^ o 

t. tc . iij ^ ^ f<j ifr 1 2 3 X m :^ <D ^ ^ m m L . it m 

<D v^ $ iij ^ — ^ ^ flSc ^ i" -5 ^ X' t -5 b , in ^ 

(^-ipi^^^^gp • V ^ - h mm m m (D i^ m ) 

^bid, mfj7!iLfcJ;pid, m — M (D ^ fff, ^ m. ^ ^ 

^ X 0 m . ^ ^ 1 0 liihu — ^{da£'<bix. n ^ ^ 

^'Xl 0 3(Z)Tld«k^idigi|^§tbT< -So 

— i> -r L-hmmM^j^w-is-i^^^^ u r ^ i i* ps 
^ (D m ^ ^ i^ <D m \^ X ^ m m f>^ ^ z ^ m ih ^ c 

^ :i X , :l (D ^ m X n . ^siacD^n— — Hid^T^-TJ; 

*-r, ::^7^5':7°s 8 - 1 X i^ 1 0 i±(Dm'm^(DM^ 
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^i^m-r-So m 6 m n . m^w-i o i (d i m ^ ^ l t <d 

5 „ m ii^ M ^ 1 .3 5 ± 0^ m > y — /i^ X i-i y< 
(BGA) 1 3 6/55iatt$ixTV^'5o -^tLT. ^ <D ^ m ^ 

Hil IB 3i'J ^ S 1 2 1 ^ tt ^ n S ifiS $ 13: ^ «?P 1 3 0 
> ffi'J^$n-5-<#^1^f^l 0 l;5S>t^i^u^Xi 0 3 <D T m 
m ^ fi' X ^ h \-£ . fifj 12 X Y Z ;^ -7" - IE i/j 1 3 1 RXJ^ 

:ff/\^y<y^y— mWiUl 2 0 ^ M p \^ . 0 
3 h (D m :^ yt ^ m h ^ hu ta S l 3 7 it ^ 5 „ 
JSk{ciSi^SimgBl2 2(cJ;oT. m ^ (9) {cSv^x 

(Drnw^mmi^m^-fhtifcmmui 3 7 <^ jhij ^ ^ 9 ^ j: 
ilk . Hijia^<>:7°i 3 6 (D m m ^ ^ X h ^ u M X h ^ 

i)^ =k mWr-r ^ ( ^ X 7" S 8 - 2 ) o r O fij ISr 14 , ^ ;r 

3 6 <D m M fr^ M ^ X h ^ Wf -B- \^ n . miiaxYz 

XT" — 0 2^z:)jf^i^i¥W}^'±> m te. y< ^ I 3 6 (D m 

:/S8-3, m7A|21) „ wCT'f4, Wi'^'t^^^^'^lQ 

1 fife $ H :x 7" 1 3 6 ^ 1^ 6^ /.f ^ ^ ^ It jit S v> 
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8-4^^/^^-rJ;5^-^ m ^ M it m ^ > i 3 eco^s 

PJ ^ ;^ /K h 7js ^ j5 (75 Pfl G C7:) an J; 19 /Jn $ V ^ -a- ^ fi , 
^ J; o T S It ^ M o T < o x L M Mmm ^ 
C 5 ci t /j'i % X. b 5 o 

. fiij — -6. ^ 7 B ig {c -r J; 5 > 7° 1 3 6 iR ^, 

m X' ~ 7^ <D IX K) ^ ^ ^ X 0 (vi-rs {'fy:ii-~-:^^(D^m) 

o 

r o ct 9 tTiIJ /c it -'■^ > 1 3 6 £0 ^ iS S J: o -C 

T- -r 7^ ^ Ji M o -C < S )t ^ t) J£ ^5 "9 ^ C , id 

% (D m 'j^ ^ i)^ ^ "0 ^Ti^i-^^^s^CSo rixf±f' 

— (D 'LMi g ii o T b * 0 <t v^ p r i <?:) T- , §^ ?3 /i^ 

•I'J ^ ^ CO S H t S o 

xsgifegpi 3 3^f^iib$-&^wi:{cj;f9, =iyp{— ^u:/X 
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^ ^ ^ . ^^i^ 1 o 1 (7) m m X- \i M m ^ 1^ '0 ^ c m 

X- % . ■< T ^ 1 1 5, 1 1 Q X' \t. Mc ^ < h 

5/ h (D S ^ ;m ct 5 S 'L^ {i ® -r ti. *5 ^ /J^ W] ^ i'J ^ 

M ^ 1^ ± -r s o 

( m m ) 

*5 , r IB 1 <D ^ jfife ^ TMi , HU 12 >^ S 5 - 2 -e 

L ^ - ii, b <^ fP 60 M (7) Ife ^ S V> X Iff -r S J; 9 

L T tj ^ V> o 

-r . i^'j ;t ti* . 

|(PR - PL) / (PR + PL)| < 0.3 •••(12) 

^ 41 -g- pg o T ^ fi'J ^ ^ ^ ^ # "C- 5 ( iH"J ^ ^ 

* ^ ifl ta ^ 7^ 5/ ^ S 5 - 3 T' . >^ -y h fi g 6 R 

35^ j1 ^ -e ^ ^ Cff b T fc /j5 . ^ i\. h (d \M. <d ^ 
V ^ T -fiJ Kif -r S ct 9 J- L T ^ o 

-r . 0ij X . 

|6r| - |6l| < 3 Mm •••(13) 

5 ^ td i5s o r $ S'j ^ m ^ w T' ^> ( aij ^ «i ^ 
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5 ^ IJi 0^ L /55 , r H PS ^ ^ -5 <7) li V> o m X. 

:i J: 5 It ^ J; ;H/ IS* ^ bu tfi — o © ^ ^ ^ "C It tii L PJ 
^ jfi ^5 ^ IS iij ^ ^ t-ij rr ^H5 J; 19 i'J ^ ^ ^ i: b T Sife $ fc 
^ -a- T' o T s (th. (7) — M CD 7t ^ J: Sii ^ W hB T -5 

m -a^ "9 > ^ 9)i ^i:m-^i^ ^ K) ^ < n ^ :l t X i ^ <^ 
m 5 o is^ 1^ -It w ^ ^ m >H- iftij fc T' > mm it: mm 

^ ^ (D (D , \^ m ^ ^J} ^ M X ^ ^ o 

a ¥ I c m ^ TMi i-^ ^ <7) ^ — 7° y h //^ ir= JE -e 
— ;^ , Hti le ^ 1 <D ^ Jiife ff^ ^ -e . 3t o >^ 4^ k g 

^^m-r^mmmi. 'm'2.(D'f^'r-^^\ i i i e^p 

\k.-<x ^^^'^m.-b^m^^ . % 1 * S£ S <7) ft $ i'J ^ i^l « 

*5 It s $ ay ^ <b PS # ti . IS ^ 1 0 1 ^ d 

, 1 1 6<^f£;^jS^'C^:^$n. :l (D A 7- ^ ^ 1 1 5. 1 

1 6 <r> ]^^^ Mm. ^ m fL ^ ^"^(o ^M'^^ -^"^-r ^ z. t ttsf^ 
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0 1 (D m ^ M Si m \^ ^ hiS^-f;*- — K 2 0 2 t ^ V V 

2 0 2 a;5^ib^.CSl^mm^^ffii"So 

mUit=^mm'^2o\\t. m^'^ (o w\ ^ wt ^-y 

^ i^n ;bD -r -5 i tK ¥ ;^ J- isi s« ^ ® ^ ^ ^l^ ^ ^ A ^ L 
Tffiv^5t<?5-cfo'5o i-'tei^^. KM ^ 1^ % <D m ^ kt. 

lt3fe<^Att:^^^^m-r5J;9{--t-So ^LT. it;$z = o 

(T^B^t;:. \ #t:^^<t^ttibfcA#t^i^i:<7)-rH^^'bfe^tf$:i 0 

— ^td, H^^l^psD^^J;51^^'7°y>'^r;^sq^^^l o ok 

H zCO;*-— yx^fc-ScotdJ^LTfifiia^;*- I-t^^'x^' 2 0 2 
»iJ:5f£;^j^iS}±MH z ~GH z CD:*-— yX'fo-So Lfc/45o 
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(m 3 CO ^ ji^ ) 

mi 0 m \t . }^ ^ m M ^ n ^ ^ M ^ W: (o mvs^ m ^ 

, m mm 1 (D ■^m.mm t m ]:.x^^(oxm — (Dn^r^{■^\^^ 
<^ 1^ L ift i« ^ B& -r ^ o 

-r ^ , W — if ^ -Y ;r — K 1 0 5 b B o it 6 H i'J ^ 

7. ^ V ^ 1 0 7 h \ / A WL^Wl \ 0 StriSi^Lfcf^, 

y< >f % =7 — \ 0 4T•SS^^i^^ ^^f^^i^^-Xi o 3(cJ:oT, 

^ 7t $ n -5 o 

^ It {*: 1 0 1 T' S ^ ^ i^ i^c PJ ^ 5t « s ± 0S <b I* is^ . ^ «^ 
u>Xi 0 3^ilJlL^ ^ )V y< J ^ =7 — \ 0 4-e/x:#^$;JT.fc 

l/'42Sgtgl O S^iii^L. ii^tt^— -^^^y 1 
0 7T'SM^^T/T, ^1<^^#1^>'X1 0 9tc:J;oX-<S>C^ 

Pg^(^l5l+$ii.fc^2<D>Pf!^W^^X.t LT<?3Biy l^— U':/X 

3 0 1 ^iiigL, 7 — 3 o 2TM^t^^nJ^^^c5>tlJ$i^ 

> •tH^'tv?^ — 303a, 303b, g^<9 304a, 30 
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5a, 305b Jed;'?. ^i^LMtk m M ^ (PSD) 306a 
, 3 0 6 h±lZ.M^^tl^o 

r ;i T' , ^ 1 o ^ u ^ X 1 0 9 <D m m M W' m n m 1 M 

#5U^Xi 0 3<7:»BtffiXf±^<^*tSffil O 3' {Cg;i^i^•CV^ 
5^ — ir/'^U — ^l^i^XSOSa. 30 5 b}i. ^2(?3 

>[t <^ u >- X -e -5 Bi y u — u >- X 3 o i ft ft'J ¥ ffi sa e 

$i^TV^5o Lfc;55oX,ir/Ni^-:$'l^>'X 3 0 5 a, 3 0 

5 b(i||l<D>!ti^U>Xl 0 3CDBtSl 0 3' t ^ (D itt M. 
5 r t -5 o 

r«/cfc, -fey-?l^'-:^U'>X 3 0 5 a, 3 0 5 b(*,^T 

<7) il'J ^ .-^ b S M ^ ix fc iS'J ^ ^ <^ 5 X ^ 1^ IS ® l 0 3 ' <^ 

I^ — f|5:9-^iiiiLfc3fe^twJ:oT, h^PSD3 

0 6 a, 3 0 6 h±i^mi^ir^:itic^£^o 

* fc , r C7P Ei b ei!^ /i^ ^.^ <t 9 , ^< y 5: 7 — 1 0 4 

(Dn^(Dmiti^x<>xmM^n^^^i^i o i cd ^ -c co ^-^^ 

110c^^±i;i*£^-r'5o bfc/jSoT, PSD3 0 6 a, 3 
0 6 b±:(D::^3K>y h«^^f*:i 0 l<Dm^^it{^X^X(D^ 

^mir ^ tv^sl ^ turn 1 m.tiBj^T-fe'So 

!f:Sj>9304a, 304b /jS^l 2 m (D ^ ^ \Z. (D m il^ \^ Mi 

m^t^x^^^^t-r^t. 1 0 i<7)i!flia(cj:o-t:, ps 

D3 0 6 a, 3 0 6 blCA#+-t"5^jK5/ Nc^fiBfi-^tb^'tL 

^ :fj \^ \z. ^ iff- ^ <t v^ 9 ;i ^ « , J: < ^ h n ti E. m & (D m 
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a(c:£< h <0 X' h ^ o 

L fc o T s m ^ \t . m 1 M ^ \^ tzo) t m c m ^ ^ 

h n ^ I 0 1 (D Wl^Umi^m X . Yi:#PSD3 O 6 

a> 3 0 6 h ± ^(D yi^ y hfi®o4''L^;i^bco-rttft6 

«k , ^ in » <^ ^ 1 1 m ^ ti ^ t$ L < m. m -r 

^ a 

^*:aQlOl'i:UX#^■CV^-5o 

^1 ^ f s . — 2^ ^ <^ ^ ^ ^ M . 7t W b ir 1^ 
— ^U>-X3 0 5 (D ^ 'b' X' (O M ^ ^ h . Biy U'— W>X3 

Xl0 9<7)NA^NA ^ t ^ „ 

O B 

^ -t" -5 t Z M 2 T- 9 V ^ P S D 3 0 6 fi tfi 5 (73 

B 7t ^ 5/ h ^ ^ ^ o C <7) P^F 6 , iH b X 

5 = fs tan a ••(14) 
tan a = h / (b - D) •••(15) 

b fc o T , 

6 = f s ■ h / (b - D) •••(16) 
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h = f p • NAqb / MP 



(17) 



1 2l21«-7J^i~J:pt-> M <^ ^ y< 1 0 9 



1 / b = (1 / fp) - (1 / (fp + M^Z) ) 
b = fp(f p + M^Z) / M^Z 



5 = f . 



fpNAoBM 



fp(fp + M^Z) - DM^Z 



(18) 



(19) 



(20) 



g ^ fs NAqbM „ 



(21) 



t ^j: <0 . 8 t Z ^ ± k<i (D m t ^ 



(D m m A n 6 -rj h ^ o U o -C , ^ (2 1 ) ^l: 



z = 



fpp 



(22) 



* , 7|s: ^ ^ij T- t± . -ir ^^ U — ^ X 3 0 5 a , 3 0 5 

b t PSD3 0 6 a. 3 0 6 b(75MS:7tW4''L-t-l>:*^ttS 



0 1 



(D m ^ ^j: \^ ^ ^ w\ ^ 



<D ^ tt ^ m tS.W> 1 60 
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m Mw^ m t m m ^ ^ ^ - t -c ^ ^ x o l x 5 „ 

^ b s B 1 0 n {:i *3 r . ^ t' — A (7) ^ ^ :^ (6j ^ -fe- 

„ ^ 1^ X 3 0 5 a , 3 0 5 b SB ^IJ ;^ /J^ IrI i: ( X. ti* 

ly X -i O 5 a. 3 O 5 bJllCS^^ttSBiffii*;^^/^^^/ 5 7 

— 104(7Dfisib{:i#<'^, ^U>'X 30 5 a, 30 5 

V'VX 3 0 5 a . 3 0 5 bCOptWl^'fi'iL^iCjgSb-f-S 



S^/^-S^s^ |^13l2I/J^ir/-?lx— ^J'l^^XSOSa. 30 5 

V'^XSOSa, 3 0 5 bCC>[Hl$5. L:;0=''b7'''('f^i5't5'<^MiZ2 

(7;) m $5 /js ^ C 6 i: I- ^ i~ -5 fc^ . ^ (Z) ^ ^ 

l± i6 T ^.C 1/ ^ „ ^ r x l§ T- ^ /V y ^ V — 1 0 4 

li El 1 o ^ft a tvi s ii: ^j: ;^ [6] iaij ^ ^ ^ ^ ^ i~ a ffl 5 

'b -r 5 „ d n ct I? . PJ ^ m ^ fi ^ i'J ^ {w o T 

W liE ^ n ^ ^ i: /.e 5 „ 

:l (D w, 3 (D n m <o m ^ \^ X . ^ w- (r> -m ^ t if- 

y h ^ ^ CO ^ ^ ^ -r ^ ^ ^ I- ^ ff^ i 5 o L o T 

IE 5g 7)^ o ifi it 7i X -5 ^ /j^ S o 
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( ^ 4 <D MMB M) 

m iz: V^ T , 4 0 1 ^ ^ -c , ^(O^mi^4 0 1\t. 
x-v> 4 0 2±tc«^K$n5o — v^4 0 2(i 

r(D;=^7^ — v' 4 0 2 ±. (D ^^{^ A 0 1 l^l^I^LSiilTi^lllO 

B. ±.\z.mm%m.^^ ^ ^ A o 3 ^;^hLT3tMT u-y 4 

0 4 ^ SB M U T v^ M 3t ili ^ ^ ^ 4 0 3 . ?t 2!1 r 

U ^ 4 0 4<Sr;^7^ — i^ 4 0 2 ±. (D A 0 1 (^iS^-TSt 

{:i -5 J; 9 L 7" 1^ -fe >- h y 5' :7 u X /jS ffl v^ b iT. T v> 6 

o * ;t , 7t i!g r w -r 4 0 4 « . ^ /J^ ?t ^fe i L -c , ■e^ij x. tt* l e 
D^;^7^ — •i^ 4 0 2o^il!):^F&) (Y$ilj;^[^) (ciils^i-SXW 

iii <sfc *T ( ^ fla iBi B# ^ jnr t J: s J: 9 l t v^ s „ 

r^iT, %m.r u ^ 4 0 4 t m B ^ ^ 4 0 3 ^ 

\Z X o X \-± . ^Kli-r-5CCD7-r:/-fe>'i^4 0 7, 4 0 S;^^ 

^^0fc^-J■mv^yc:|S2, ^3(7)7fe$lilb, c±(C, ^K^'ni^ 
1, ^2C0>tt^U>'X4 0 5, 4 0 6^:/hLTCCD7-l'>' 
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± ^ 4 0 7 , 4 0 8^ifi^LTV>5o ^ (D m -a- . ^ ^ ^ 

X4 0 5, 4 0 6}i, |5i-(D7t^4#t4^Wi-s^<^'e. 

a. b. c;6S^4c)2,|!!c1^{*4 0 1fficQ,'^. xO;5^e>Ii] — SgSII^- 
S£«^HTV^So ^ . CCD7^>^r>'1^4 0 7. 4 0 8 
\± . ^tT.^'iT.>Pl-J^^-r5*ti^l^>'^"4 0 5. 4 0 6i^J;^)<#, X 

0 $ 5 e ia S ^ ii' v^ S o 

rnbCCD7'YVir^-y-4 0 7, 4 0 8(^(i. S'J^WlHliig 

4 0 9^^i!LT^/^>5o w(^$tJ1^llllJ&4 0 9{i, ?tjJiru^ 

4 0 4(^LED(D^, ^T^ftilJtai-r^t*i-> CCD^^^ir^- 

-1^4 0 7, 4 0 8/^l>ibcDt±5;'3^^'9iA^^^ ^<^flS4 0 1ffiC0 

^{:iJ:"97tMri^-('4 0 4CDn#S(7)LED (?t!Wla±;6^b 

-r ^ tz. \tL m. o:> h <D ) ^ n 5 i . ^ $^ /J^ ^ . la tl 

^i!S^i^U':/X4 0 3 ^m^X^^{^A: 0 1 Al (D 'Jt ^ a 
xO /0^ibrr^Sg^l^ttvfc^xJCSi^$tL'5o ^LT. -^^^^^ 
4 0 1 ±<7)^, x;5^lb<^)S#t3fe«> ^ttb±(^>E*%U'^X4 0 

s^^X^xccuy^i^-^i^'f^ 0 7{r^^<^$ix-5t[5lB#ic: 

, 3tttJcJi(Z)^!|^l^:/X4 0 6^:/hbTCCD^^>'-fe>1^ 
4 0 8{C^{^$n^o w(^:®-^^ CCD7-I'>'ir:/1^4 0 7 
± (75 X (T:) ^ ^ . 3t b ct <9 6 1 It g| tt fc e t 
/^i^, CCD7^>'-fe^1^4 0 8±T-C0-^, x(D^5g^{4^{i. 

3t $ft c J; ^) 6 2 fcli g <b 5 o * , 6 i t 6 2 

■tLT. rtbbCCD7-Y>'-fei^f-4 0 7. 4 0 8;5^bO 
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m ti n . mm 4 o 9 {z. u ^ i^ n . mm^^ 4 0 stcj; 

<O^MT\y'< 4 0 4(DLED<D^^■nt^^i$.i^M:6^ , 62 

otli;^j^^J^^lEliJS4 0 9 iz. ^ ts- :l t X ^ . 4 0 

1 ic^^MrU'i' 4 04{::>Et/^^i-S 1 7^^:9-(75i^^ z<Z)iij 

?I'J ^ ^ T L b {i* ( HI ^ L ^£ v> jil ^ ^ ^ y -h <^ ^ * 

X — 4 0 2 ^ ^ ® 5}- fil H i^? Sg Bf it Y ;^ [6] {;i 

<!j<:tC, SIJ^^II}8S4 0 9 X' <D 4 0 i±<;oi^$ z<^»J±J 

:fj m ^ . ^ h m L < m m -^^ ^ o 

T (D y< 9 ?i — ^ t LT. ^^#»W>'X4 0 5. 4 0 6CC»M^, 

•?:LT, TfCjfe/^bf^. fe1tfli4 0 1±(Di^$zli, CCD 

^-l':/-lr^-tl-4 0 7, 408_ho*g^{iz:^6l , 62 i:^x 

4?>s ^-f. ^^{5:^61 . 62 (7)^61 - 62 z^rxCD 
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t L X mi- o 

b . CinibTtWeitt, l = f (/3 + 1) / /3T'^$iX, * 
f:^ . >C*!^U:/X 4 0 5. 4 0 6cr)Btffi;6^?3CCD7-l'^ir>- 

t -t ^ t . rH^^t^SF}*, F = 3 l = f (j3 + l) t ^J: 

1 i^m-r^^^PfAO l7!}^h<DR^^(D^tf^h ' t (D fj: ir 

5i = F tan a, 62 = F tan © • • ( 2 3 ) 

t ^ o ^::T*. ^ti^U>'X 4 0 50iaffi^''L^56iib-^1^^*4 

0 1 SicT^LfcS^b ' '<i:?tittb 't(D^j:-rn^^a 
*^c, >t«^i^>X4 o 6(39Htffi4''Q.-/i»p3^^tf*4 0 1 iSl-T 

a = e - a' , <B = <B' - e ••■(24) 

Srz. APfJ^uvX^ o 6rolHffi'^''iL>;0^^>z = OcD^<^{*:4 0 

1 *i:<7)S^c ' 'oSggi^L. S^c ' ' t ^ m A 0 1 

a' = tan~-^( (P - x) / <L - z) ) •■•(25) 
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W = tan~-'^((P + x)/(L - z)) ••(26) 
L = 1 cos e, P = 1 sin e ■•(27) 

"C -5 o 

Lfc;6Sor, ^ n h <D ^ (23) ~ (2 7) ^ ^ t ^ t 

2P(L - z) (tan^ 6 - 1) 2{ <L - z)^ - (P^ - x^)} tan 6 

5i - 62 = F — 5 5 5 

(L - z)2 + 2P(L - z) tan 0 + (P'^ - x"^) tan^ 9 

••• (28) 

t fj: ^ o ^ (28) , X 0 <b X g| 7)5 ^ :^ [Sj z 
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1 8 ig <^ S!S ;^ /J># ^ S o :i r -e CD V- ^ 7^ ^ 7 P< — X 
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<!rz<Diaif. ^77^i-'b<^"C', :l (D m -B- (D 8 I -82 t z <d m ^> 

n . iS. m t ^j: 'o . V H)^ h . X = 0 (D t ^ 0 j^. ^ m 'o . x 
(D m. it t ^ i:: 8 I -82 m \^ n ^ wj -i- ^ X 0 ^£ 

^ 53- $ ^^ fc tb i^"'] II t ^ :7 -fe 5/ h /i^ b t^c^ ^ l '{k ^ X' m ^ i^^ 

51 - 52 = kz + A(x) • • (29) 
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, mi 8 El ^ i" J; 9 ^ o 

* fc . m 1 9 121 ^ X 0 ?5 5 m m FbT -e M IS: PS ^ -fti 

^i^r/cm^, (28)^/5^?jftiLLfc 61 -62 . (29) 

iCT'lt^L/'c6l - 62 cDM^:T^-r^j<7)t?fe'5o (2 9) it 

/OS {5 i: /v if X ^ # ^ n v> j£ lei ^ T' S Z t M -"j^ ^ o 

■h ^i- \^ . y :^ — m o:> ^ 0 i = 3 O Omm. /3 

= 1. 6 = 10° CD ^ (29) h ^ ^ 1^ b I -82 t 

, (2 8) iC;6^bit»b/5i61 - 62 C0f|A6l*. z=±5 

M - 0 . 0 3 % -e S o 

. 8tx7!)^hz^^ib^(DX. it (28) (i. 

z = { (51 - 62) - A(x) ) / k •■(30) 

(D \^ m ^ ^ h n . :l CD Tc Isb b I - 6 2 (7> z Id # ^ 

M mM.^ i-t . + 0. 03/0. 34 7 = 0. 086 %i:/^S 

CO "C $> ^ o 

LT. *fi|^UVX4 0 5, 4 0 6<7)M^aE^jlfx S^f*^^^/3 

(28) \Z X ^ K Z2. U — a i)^ h tt M 1 X k , :^ 7 -fe 
-;/hJSA (x) d5Slt*>9, ^ (3 0) iig+^^-'^ii^^t^T-iE 
taia (x;^[p]±5mma±, z;^r^±0. 5mmJei±) {do 
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0 1 ± (D ^m.T \^ ^ 4 0 4 M Jt> -t ^ 1 y ^ ■i^ (D m ^ m 
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^/^ /f? V? 3 :/ -fe >- if — (PSD) i^e ffl T t 1^ # 'Jt 
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W^/X5 1 2(i, ^^Ui^X5 1 Oi^j^fe^n^cBlS^l^:/ 
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1 5 , ^ ^ X 5 0 3 CO D4 to ^ o 7t §15 ^ )1 i§ L /c PJ 
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L 7i)» L T , r (D J: 9 /.C Pjc *3 V^ T . U - -tf t5^' >r - F 5 
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ffi <^ i'J ^ 3t li , X ;^ 7 ^ ^ ^ n -5 J: a „ 

0 3, l/4iSS+S 504,il7fet:~ — i^^:7°y';^^'50 5^ 
j^ilL, ^£^l^>X5 10tCj;i9^ffi5 11{C^^^tbx "fe 
/' U — ^ ]y X b 1 4, 5 1 b^'Sf\^X'f'{'ri^^ 5 1 6, 

^ICO^-S^, -fex^U— i^Ui^XS 1 4. 5 1 5/i^>Pj-#)U>'X 
5 O 3C0I1S5 0 6 — /UKl^VXS 1 2 ir^S^l^^' 

X5 1 0{cJ;i9jS^LfcmS^ffi5 1 3(c:gflS$i^Tv^-5^: 

^ ^ , /U / ^7— 5 0 7 (Zl i -5 — A ii; ^ ^ J: b 
:J^^?5 1 6, 5 1 7 ±.\^ V V % ^ ftZ X' ^ ^ :l t \^ ^ 
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e> , i& 1^ 5 0 1 ffi T- }± - X CO g M ) t , 7- ^ ^ 

5 1 6. 5 1 7±T-<^^*?5' Y \\L m. <r> ^ 'L^ h (O -f b \ . 

r t ^c^ 6 <, 
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